Herbivores have the potential to affect the morphological traits of the plants they feed on, such as the breaking of apical dominance that occurs when shoot tips are browsed, leading to increased lateral branching and decreased competition among growing points. Despite such effects, however, it remains unclear whether components in the saliva of the browsing animals are directly involved in amplifying and/or reducing the plant growth responses. To test this possibility, a controlled experiment was performed in which herbivory by moose (Alces alces) was simulated by tearing 60 sallow saplings (Salix caprea) with a moose jaw. Of these 60, half were also treated with moose saliva. Selected growth traits of the torn plants with and without saliva treatment were examined directly after treatment (week 0) and 1, 2, 4, 6, 8, 10, 12 and 15 weeks after the tearing. Also included in the study was an untreated (no tearing, no saliva) control group of another 30 sallow saplings. Traits monitored on the saplings were height and the number of branches, buds and leaves. Application of moose saliva on torn saplings led to significantly more branches than on saplings without saliva treatment. Moose saliva, however, had no significant effects on the other growth traits, although for most of these characteristics both groups of torn saplings showed increased values compared to the undamaged control. Overall, these results demonstrate that moose saliva has a consistent stimulatory effect on branching of sallow saplings but not on the other growth traits examined in this study.
Numerous factors acting separately and in concert may influence plant responses to herbivory. These factors can be generally divided into two groups: those acting either internally on the plant or externally. Examples of the former are morphological and physiological characteristics, or constraints within the plant such as architecture, age, chemistry and reproductive traits. Examples of the latter group are seasonal and climatic variations, as well as varying soil nutrient compositions, and the type and intensity of herbivory (Whitham et al. 1991 , Matches 1992 , McInnes et al. 1992 .
A well-known response to pruning of shoot tips is the release of apical dominance in the affected plants, whereby hormones in the terminal bud no longer suppress the formation of lateral buds. Release of this suppression leads to decreased competition among growing points, which then results in morphological changes within the plant. One example of such changes occurs in the birch species Betula pubescens and B. pendula, which produce fewer but thicker and longer shoots as a consequence of pruning by browsers in winter . Pruning of these two birch species also causes an increased frequency of branched shoots and a greater number of buds on the elongated shoots (Bergströ m and Danell 1987) .
When plants are subjected to herbivory by mammals, they may not only be affected by the mechanical injury per se, but also by chemical substances in the animal's saliva (McNaughton 1979) . Apart from water and minerals, the saliva of mammals contains organic substances (Young and Schneyer 1981) , some of which Accepted 13 September 2001 Copyright © OIKOS 2002 ISSN 0030-1299 OIKOS 96:1 (2002 have been found to act as growth promoting substances upon affected plants (Bonner 1937 , Bonner and Greene 1939 , Reardon et al. 1972 , Dyer 1980 , Dyer et al. 1982 . On the other hand, there are also examples where the application of animal saliva has no significant effect on plant growth (Reardon et al. 1974) , and even instances where plant growth has been reduced (Capinera and Roltsch 1980, Detling et al. 1981) . As a consequence, results so far on the effect of animal saliva on plant growth are by no means consistent. Moreover, experiments to date have focused almost exclusively on grasses, and thus it remains unknown whether animal saliva influences growth characteristics of other plant species. The aim of this greenhouse study was to investigate whether the addition of moose (Alces alces) saliva to a woody plant, sallow (Salix caprea), undergoing simulated browsing (tearing) produced significant changes in growth rate and numbers of branches, buds and leaves compared to sallows subjected only to simulated browsing (tearing).
Material and methods

Plant material and greenhouse conditions
The experiment was performed with 90 saplings of Salix caprea, planted from seed on 2 August 1999, in pots each containing 0.5 l of soil (in six blocks with 15 saplings in each) at the Swedish University of Agricultural Sciences (SLU), Umeå (63°44% N; 20°18% E). Water was added on a daily basis from the beginning of the study, and nitrogen (2.5 ml/l water) from 8 November. From 18 November and onwards, the nitrogen concentration was increased to 5 ml N/l water since some plants exhibited leaf chlorosis and senescence. Greenhouse temperature was 20°C during the 18-h light period, which was supported with artificial lighting during the shorter days from mid-August to early May, and 15°C during the 6 h of darkness.
Saliva
Saliva was collected from a yearling male moose on 25 May 1999. The moose was immobilised with xylazinehydrochloride (Rompun™), and the saliva was kept frozen at −20°C until required.
Plant treatments
Three treatments were used in the experiment: tearing and application of saliva (abbreviated ''T & S''), tearing only (abbreviated ''T'') and an untreated control group. The T & S treatment was performed by tearing off the top third of the saplings using the lower half of an adult moose jaw. The jaw was held in the right hand so that the thumb simulated the upper dental pad of a moose. Immediately afterwards, moose saliva (330 ml/plant) was applied with a pipette to the torn surface of the sapling. The T treatment was performed in the same way as the T & S treatment, except that no saliva was applied. Treatments were performed mid-January (week 0), with the following growth traits measured on nine occasions from week 0 to week 15 (early May 2000): height, and number of branches, buds and leaves forming.
Data analysis
All data were analysed with the JMP statistical package (SAS Institute Inc. 1995) . Since the saplings were monitored repeatedly over time, a time series of data were obtained in which the measurements were correlated among weeks (i.e., the measurement at one time is dependent on the measurements at previous times). Because of this, a repeated measures analysis of variance was chosen as the most appropriate statistical application. Mauchly's test for sphericity was used in order to detect sphericity in the data. Since this test was statistically significant for all response variables, a repeated measures multivariate analysis of variance (MANOVA) was also performed, which did not, in contrast to repeated measures univariate analysis of variance require all dependent variables to be equally correlated (Von Ende 1993).
Test results reported in Table 1 are the multivariate test Pillai's trace (SAS Institute Inc. 1995). Treatment was denoted as the between-subject factor (main effect), individual saplings as the subjects within each treatment, and time (week) as the within-subject (repeated) factor. Before analysis all response variables were standardised. The standardisation was performed by dividing each variable with its value at the first measurement (week 0). Since the variation in the data increased with time, the variables were log 10 transformed; height and number of buds were log 10 and log 10 + 1 transformed, respectively, after the standardisation. Number of branches and leaves were log 10 + 1 transformed before the standardisation because some individuals had zerovalues (i.e., they had no leaves or branches at the time of the first measurement).
Results
As shown in Table 1 , there was a significant overall effect of treatment (Prob \F 0.038) regarding the number of newly formed sallow branches. The T & S saplings had significantly more branches than the controls (Fig. 1) . The interaction effect (week ×treatment) was not significant, however, indicating that this re- Table 1 For relative growth, number of buds and leaves there was no statistically significant effect for the betweensubject factor treatment ( Table 1 ). The within-subject effect week was statistically significant for relative number of branches, relative growth, relative number of buds and leaves, indicating that the saplings were growing, adding branches, buds and leaves at a continuous rate over time (Table 1 ). The interaction term (week × treatment) was not significant for any of the variables, indicating that there was no difference in treatment, or in the time trends between the treatments. The T and the T & S saplings showed similar responses, being in most instances above the untreated control (Figs 2, 3,  4) .
Discussion
The results from this controlled study show that moose saliva increases the number of branches formed in Salix caprea, the first report of such a stimulatory effect by animal saliva on plant branch number. This particular characteristic may be unique to woody plants since different growth responses occur in non-woody species after the application of growth promoting substances from saliva (Bonner and Greene 1939 , Dyer 1980 , Reardon et al. 1972 . One possible cause for this differential response to saliva between woody and nonwoody species could be related to their different growth patterns. For example, woody plants undergo secondary growth originating from secondary or lateral meristems, whereas non-woody plants mainly undergo primary growth leading to increases in branch length (Raven et al. 1992) . For this reason, it would be more likely that woody plants like sallow show increased browsed. The same study claims that the addition of saliva to birch twigs browsed in winter appears to be less important. Under conditions of low water availability such as typically occurs during freezing winter conditions, saliva frozen on torn plants may have a sealing effect that increases the water retaining capacity of the affected plant. The lack of any stimulatory growth response from actual browsing when compared with pruning on winter birches as previously observed may be due to a sealing effect caused by the saliva deposited on the twigs by the browsing moose. During seasons other than winter, however, such sealing effects of saliva are less prevalent, as they are for plants under controlled greenhouse conditions, and thus the stimulatory effect of saliva becomes more evident on the browsed but actively growing plants. Hjältén (1999) performed a study in which, under controlled conditions, browsing was simulated on three willow species; Salix caprea, S. aurita and S. starkeana. It was found that for S. caprea and S. starkeana there were no significant differences between the pruned and control plants concerning height, shoot and root mass, leaves per plant or total mass produced, and thus these two species were able to fully compensate for the damage. Pruning plants therefore appears to be an acceptable substitute for actual herbivory, at least under controlled conditions such as in this experiment, whereas under field conditions it may be harder to separate specific effects of herbivory from those caused by fluctuating environmental conditions (Whitham et al. 1991) .
Little is currently known about the final effects of moose saliva on the growth and development of woody plants. Also, the constituents in moose saliva have, to my knowledge, not been analysed for their potential as branching in response to saliva stimulation, as described in this study, rather than an effect on their height.
Although the application of moose saliva clearly increases the number of branches formed on torn sallow saplings under greenhouse conditions, the question arises whether a corresponding effect would occur in the field. An earlier study performed by compared the response of two species of birch (B. pubescens and B. pendula) to either moose browsing or manual clipping. They found that, under winter conditions, the birches responded in a similar manner in terms of size and number of leaves, shoot length and shoot numbers, irrespective of being clipped or actually OIKOS 96:1 (2002) plant growth promoting factors. However, experiments have been performed with a variety of potential growth enhancing substances in saliva from other mammals. Reardon et al. (1972) showed that the bovine saliva component thiamine increases re-growth and root yield in clipped sideoates grama (Bouteloua curtipendula) under field conditions. Dyer (1980) found that the mouse submaxillary gland epidermal growth factor (mEGF) enhanced shoot growth in sorghum seedlings (Sorghum bicolor). Since epidermal growth factors is found in salivary glands of several rodents and ungulates (Hollenberg 1980) , and thus presumably also in moose, this is one possible compound in moose saliva involved in the stimulatory branching effect of browsed sallow observed in this study. According to Dyer et al. (1982) , however, the effects of potential growth regulators in saliva may be limited by interactions with other factors already present in the plant, such as plant hormones, water and nutrients, and thus the action of any one saliva constituent may be difficult to identify for a given plant species.
Except for the number of branches, moose saliva did not have any consistent amplifying and/or reducing effect on the other herbivory response variables measured in S. caprea. The saplings in this experiment grew under greenhouse conditions, with watering and nutrients supplied on a constant basis. It is possible that reducing their access to water and/or nutrients would have affected traits other than branching. Currently, there is a need to identify factors that are of importance for plant responses to herbivory, whether simulated or performed by the herbivore itself. In light of the results from this experiment concerning branching, more studies are necessary to gain further knowledge about the responses of woody plants to herbivory. Of particular interest will be the comparison of such results from woody plants to those obtained from non-woody species. As demonstrated in this study, there is an advantage in controlled experiments to understand fundamental responses to herbivory without the influence of several confounding factors, before entering the field.
